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Letter submitted to Nature, November 22, 1995:
The X-ray Evidence that the 51 Peg Companion is a Planet

51 Pegasi is a nearby G2-3 V star’ which is similaf to the Sun. Observers have recently
detected® and confirmed®* that 51 Peg has sinusoidal radial velocity variations with a period
of 4.2 days and amplitude of 59 m/s. The radial velocity, if due to orbital motion around the
system center-of-mass, implies a minimum companion mass of 0.47 Jupiter masses®, which
results from the assumption that the inclination angle of the system is 90° from the line of
sight. We argue that the X-ray luminosity of the 51 Peg system implies that the unseen
companion is a planet, independent of any assumption about the inclination angle.

The argument to infer the system inclination angle and companion mass can be stated as follows:
Assume that the 51 Peg rotational inclination angle, 7, and the system inclination angle, i, are nearly
equal as in the solar system. The measured® rotational velocity of51 Peg, v,sini,, is1.740.8 km/s.
51 Peg is classified as a star with a weak chromosphere - the normalized Ca 11 emission strength is
slightly less than that of the Sun. A statistical relation between Ca II emission strength and Rossby
number for solar-type stars leads to a 29.7 day estimate® for the rotation period. The observed V-R
== 0.54, V = 5.49, and the surface flux relation” imply an angular diameter of 0.714 milliarcsecs, and
aradius of 7.2x 1010 cm for a distance' of 13.5 pc. This radius and the 29.7 day rotational period
result in v, = 1.8 km/s, which taken with the measured value of v,sini, , lead to i, ~ 90°. With i~
i, the companion is near the minimum mass, and it is a planet.

Unfortunately, this determination ofi depends on a number of assumptions and a v,sini, measurement
near the detection limit. If | is smaller than 90°, then the mass of the companion is more than the
minimum mass. What are the possibilities that the inclination is close to 0°, and the companion is a
low-mass star? Optical spectroscopic observations of51 Peg"!! rule out the possibility that the
companion is anything larger than a dim, late-type dwarf, since there are no spectral signatures of a
brighter star. An M dwarf, for example, which might be 100 times dimmer than 51 Peg could be
spectroscopically hidden. A search in a spectroscopic binary star catalog'? indicates that there are
no known binaries consisting of G and M dwarfs with --4-day periods, either because none exist (a
currently unexplained possibility), or because such systems are difficult to detect and identify.

There are a number of known binary systems containing late-type stellar members with orbital periods
similar to that of51 Peg. These systems all share three common, related attributes: (1) the orbital
and rotational periods are nearly equal and the systems arc “ phase-locked” due to either turbulent
viscosity™ or large-scale hydrodynamic forces™'?; (2) the stars exhibit strong chromospheres; and (3)
the systems are relatively luminous X-ray sources. ‘J he RS CVn systems are an example of these
binaries. We searched for al known binarics''*'” containing a combination of F through M stars and
and periods from 2-6 days. We found 32 examples of such systems with identified components, all
of which have X-ray luminosities in the range, 7., = 7 x 1028 -2 x 10** erg/s, strong chromospheres,
and are phase-locked or nearly phase-locked (if the rotational periods are known).

51 Peg was observed by the ROSAT observat ory'*for 12503 s on 28-29 December, 1992, X-ray
emission was detected” with 1, =- (6.44 1.3)x 10°® erg/s. This value is typica of an isolated G dwarf
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like the Sun™ and isleast 100 times less than that from the close binaries discussed above. Thislow
value for the X-ray emission supports the derivation that the rotational period of51 Peg is 29.7 days,
and not equd to its 4.2-day orbital period. This last statement allows one to evaluate the competing
theories of orbital and rotational synchronization, both of which predict that the time for
synchronization decreases with increasing companion mass. Turbulent viscosity'* places an upper
limit of- 10 Jupiter masses on the companion if the 51 Peg system ageis> 10°y, i.e., similar to the
Sun. The hydrodynamic theory'® apparently underestimates the synchronization time scale since51
Peg should be phase-locked even with the minimum companion mass.

In conclusion, the 51 Peg system shares none of the common attributes of binary stars with similar
orbital periods. Its low X-ray luminosity and its weak chromosphere suggest, independent of the
system inclination angle, that 51 Peg is not a member of a binary stellar system, and that its
companion is a planet.
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